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A Flyback Converter-based Hybrid Balancing Method 
for Series-Connected Battery Pack in Electric 
Vehicles 
 




Abstract—An active balancing method based on two flyback 
converters is proposed for series-connected battery pack. Balanced 
energy can be transferred between the whole battery and any single 
cell. The proposed topology reduces the number of energy storage 
components, the volume and the cost of the balancing system. And 
it has the characteristics of fast balancing speed and high balancing 
efficiency. Based on the topology, a dual-objective hybrid control 
strategy is proposed, which can reduce the highest voltage and 
boost the lowest voltage in the charging or discharging process of 
the cells in one sampling period, so as to improve the balancing 
speed. Simulation and experimental results show that the proposed 
method has a good balancing effect and can significantly improve 
the consistency of series battery pack. This work is potentially 
significant in terms of improved reliability of battery packs and 
savings of costs and lives in safety-critical applications. 
 
Index Terms—Active balancing, flyback converter, series 
battery pack, dual-objective control. 
 
I.   INTRODUCTION 
ITHIUM-ION batteries have the advantages of high energy 
density and long service life. They are becoming the 
mainstream energy storage components in electrical vehicles 
(EVs) [1-4]. In order to meet the energy demand of EVs, a large 
number of cells are needed to connect in series and parallel to 
form a battery pack. However, battery cells can be different due 
to manufacturing imperfection and aging conditions, there are 
inevitable differences in the internal resistance, capacity and 
voltage between cells. It will be more with repeated charging  
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and discharging cycles. The discrepancy between individual 
cells will reduce the usable capacity, lead to excessive heat and 
even catch fire. To improve the power flow and health 
conditions of the battery pack, it is necessary to manage the 
discrepancy in the battery management system (BMS) [5]. The 
impact of inconsistency on series-connected battery pack are 
significantly stronger than that on parallel-connected battery 
pack [6]. Therefore, this paper is set out to investigate the 
imbalance of series-connected battery pack and to develop a 
new method to balance the power flow. 
Existing research on balancing methods include balancing 
topologies and control strategies. In terms of the balancing 
topologies, they can be divided into passive topologies and 
active topologies [7]. Passive balancing utilizes additional 
resistors to consume unwanted energy. The method easily 
causes energy waste and affects the overall thermal balance of 
the battery pack [8]. In contrast, active balancing uses energy 
storage elements (e.g. capacitors, inductors, and transformers) 
to achieve energy transfer [9-10]. It can improve the balancing 
speed and efficiency as compared to the first topology. The 
topologies based on switched capacitors were reported in [11-
12] which are featured with compact size and flexible 
controllability. However, its balancing efficiency is not high. 
The topologies based on inductors were reported in [13-15] 
which have a higher balancing efficiency, but their structure is 
more complex. It is not conducive to the balancing system 
volume reduction. LC resonant balancing circuit [16-18] can 
transfer energy directly between any two cells, but require 
bulky magnetic components, high-voltage switches, a complex 
control algorithm, or prolonged balancing time when they are 
used to balance a pack that has high voltage and high capacity. 
Balancing topologies based on transformers have the 
advantages of simple control, high balancing efficiency, and 
easy isolation. There have been many studies reported in recent 
decades [19-24]. For example, topologies based on multi-
L
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winding transformers were developed in [19-21], which have 
the advantages of transferring energy between any single units, 
but the problems of large volume and complex structure is more 
serious. A bi-directional transformer was used to equalize cells 
in the battery pack [22]. However, the cost and volume of the 
structure will increase with the number of transformers 
increases. A modular balancing method using multiwinding 
transformers [23] reduces the cost and volume compared with 
the former approach. However, all cells were coupled with the 
same transformer, and the magnetic leakage problem of the 
transformer was prominent. A forward-flyback transformer was 
used in [24] to achieve the energy transfer between any single 
cell, in which the flyback transformer was applied to replace the 
demagnetizing circuit required by the forward transformer. 
However, each cell requires two MOSFETs and one transformer 
winding, the number of components is large. Moreover, its 
control is also more complicated. 
Existing research on balancing control have mainly focused 
on the determination of consistency index. Because it is easier 
to set up an experimental platform and it is common to use the 
battery voltage as the index of inconsistency [16-24], this paper 
uses the voltage as the index of balancing inconsistency. 
Based on the above analysis, combined with the 
characteristics of flyback converter, such as simple structure and 
high conversion efficiency, this paper proposes a balancing 
topology based on flyback converter, which has the 
characteristics of simple structure, simple control, fast balancing 
speed and easy expansion. Moreover, a dual-objective hybrid 
balancing control strategy is developed to address extreme 
voltage levels (the highest voltage and the lowest voltage) 
simultaneously in one sampling period, to improve the 
balancing speed. 
The content of this article is arranged as follows. The Section 
II introduces the structure and working principle of the novel 
topology, and the Section III analyzes and calculates the main 
parameters. In Section IV, a dual-objective hybrid balancing 
control strategy is proposed and explained in detail. The Section 
V analyzes the balancing performance through simulation. The 
Section VI is the experimental content, which verifies the 
effectiveness of the new balancing method. The Section VII 
gives the conclusion of this article. 
II.   STRUCTURE AND OPERATIONAL PRINCIPLE 
This Section first introduces the structure of the proposed 
topology, and then analyzes its working principle in detail. 
A.  Balancing Topology 
Fig. 1 shows the schematic circuit diagram of the proposed 
topology. Each cell is sequentially labeled B1, B2, B3, ..., Bn, and 
each MOSFET is labeled S0, S1, S2, ..., S2n+2. The balancing 
circuit includes 2n+3 MOSFETs, 2n+3 diodes, two flyback 



























Fig. 1.  Structure diagram of the balancing topology. 
 
In Fig.1, the flyback converter on the left is used to balance 
the cell with the highest voltage. The upper and lower ends of 
the primary side are connected to the left and right MOSFETs 
of each cell, respectively. The secondary side is connected to the 
battery pack through a MOSFET and a diode. The flyback 
converter on the right is used to balance the cell with the lowest 
voltage. The primary side is connected to the battery pack 
through a MOSFET and a diode, and the upper and lower ends 
of the secondary side are connected to the left and right 
MOSFETs of each cell. The left and right sides of the balancing 
circuit have a certain symmetry. The flyback converter on the 
right needs an additional MOSFET S2n+2. It turns off when the 
flyback converter on the left works and turns on when the 
flyback converter on the right works. Because the primary side 
of the right flyback converter is connected with the whole 
battery pack, when the battery pack completes charging the 
converter, the leakage spike voltage caused by leakage 
inductance needs to be reduced to protect the MOSFETs. In this 
paper, an RCD buffer circuit with simple structure [25] is used 
to reduce the spike voltage on the MOSFET, which is connected 
in parallel with the primary side of the right flyback converter. 
B.  Operational Principle 
This section considers the balancing topology of four cells as 
the example to specifically introduce its working principle. Fig. 
2 shows the working principle of the four-cell series balancing 
topology. It is assumed that the voltage of B3 is the highest, and 
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B2 is the lowest, the battery pack inconsistency satisfies the 

















































Fig. 2.  Balancing principle. (a) Charging the primary inductor of the left 
converter. (b) Discharging the secondary inductor of the left converter. (c) 
Charging the primary inductor of the right converter. (d) Absorbing the leakage 
inductance spike voltage. (e) Discharging the secondary of the right converter. 
 
In the balancing process. First, the converter on the left 
discharges B3, and then the converter on the right charges B2. 
The working process of the converter on the left is divided into 
two stages, and during the two stages, MOSFET S10 is turned 
off. Fig. 2(a) is the first stage, MOSFETs S4 and S7 
corresponding to B3 are turned on, B3 charges the primary 
inductor, the primary current rises linearly, and the induced 
electromotive force is “positive up and negative down”. Fig. 2(b) 
is the second stage, MOSFETs S4 and S7 are turned off, and 
MOSFET S8 is turned on. Since the inductive current cannot 
change abruptly, the primary side will generate an induced 
electromotive force “negative up and positive down”. The 
polarity of the induced electromotive force coupled to the 
secondary inductance is “positive up and negative down”. This 
electromotive force of the secondary inductor will charge the 
whole battery pack to realize the discharge balancing of the 
highest voltage cell B3. 
The working process of the right converter can be divided 
into three stages, MOSFET S10 is turned on. Fig. 2(c) is the first 
stage, MOSFET S9 is turned on, and the whole battery pack 
charges the primary inductor. The primary current increases 
linearly, and the voltage polarity is “positive up and negative 
down”. Fig. 2(d) is the second stage, MOSFET S9 is turned off. 
The capacitor in the RCD absorption circuit absorbs leakage 
inductance energy stored in the flyback convert and then the 
energy is consumed by the resistor, thus reducing the voltage 
impact on the primary MOSFET and ensuring the safe operation 
of the circuit. Fig. 2(e) is the third stage, MOSFETs S3 and S4 
are turned on. Similarly, the secondary inductor of the right 
converter will generate an induced electromotive force “positive 
up and negative down” to charge the lowest voltage cell B2. 
III.  DETERMINATION OF THE TOPOLOGY PARAMETERS 
The key parameters in the topology mainly include the 
inductance, the turn ratio of the converters, and the duty ratio of 
the switch signals. In addition, both flyback converters must 
work in discontinuous current mode to prevent hysteresis 
saturation. 
First, calculate the parameters of the left converter. When the 
primary MOSFETs are turned off, an induced electromotive 
force “positive up and negative down” is generated on the 
secondary side, while an induced voltage “negative up and 
positive down” is generated on the primary side. This is the 
reflected voltage Vf. 
f = ( 2 )n DV N V V                  (1) 
where N is the turns of the converter, Vn is the voltage of the 
battery pack, VD is the conduction voltage drop of the diode. 
The voltage drop on the primary MOSFET is approximately 
Vn+Vf. To reduce the voltage stress of the primary MOSFET, the 
design of the turn ratio should not be too large. After the turn 
ratio is determined, the primary and secondary inductance must 
also be determined. The expression of the maximum balancing 




( 3 )iDT V VI
L

                (2) 
where D is the proportion of the primary side inductive current 
rise time, T is the control signal period, LP is the primary 
inductance. 
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According to the required maximum balancing current and 




( 3 )iD V VL
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                 (3) 
where Vi is the voltage of the balanced target, f is the switching 
frequency. 
Then, the secondary inductance can be obtained according to: 
2
S P /L L N                   (4) 
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where D is the secondary side current fall time ratio. The 
converter must work in the discontinuous current mode, that is, 
it can be reset. When t=T, t>(D+ D)T, and then: 
P D
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( 2 )
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According to the volt-second principle, which is: 
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Balancing efficiency is also an important performance 
parameter of the balancing topology. In one balancing period, 
the energy Wx released by the high-energy cell Bn is the energy 
in the primary inductor plus the energy consumed in the primary 
balancing path: 
2P
P P P DS PD0
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The energy Wy transferred to the battery pack is the energy 
released by the secondary inductor minus the energy consumed 
in the secondary balancing path. The expression is as follows: 
( ') 2
P P S0 D DS S
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DT D D T
y DT
di
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By combining Eqs. (2), (4), (5), (6) with (9): 
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According to the change in energy before and after in one 
balancing period, the balancing efficiency ηL of the left 
converter can be obtained as: 
2 4
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From Eq. (14), it can be seen that the factors that affect the 
balancing efficiency mainly include the turn ratio, inductance 
value, frequency, duty cycle, diode turn-on voltage drop, and 
voltage of the balancing object and the entire battery pack. In 
the specific design process, the turn ratio and the maximum 
balancing current must be determined first, and the primary and 
secondary inductances are calculated on this basis. The second 
is to select the switching frequency. Due to the strong 
uncertainty of the voltage of the balancing object, this paper 
does not consider specific balancing efficiency. 
The difference between the parameter calculations of the 
right converter and the left converter is that the right converter 
needs an RCD buffer circuit. The parameters of the RCD buffer 





























        (15) 
where VRCD is the voltage of the absorption capacitor, the 
leakage inductance of the converter is LK, PRCD is the loss of the 
RCD buffer circuit.  
IV.  DUAL-OBJECTIVE HYBRID BALANCING STRATEGY 
This paper innovatively proposes a dual-objective hybrid 
balancing strategy, the specific content of which is as follows. 
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A.  Setting Balancing Index 
The maximum single voltage and the minimum single 
voltage in the battery pack are taken as balanced targets. Set the 
voltage of each cell as Ui, the maximum voltage as Umax, the 
minimum voltage as Umin, and the average as Uave: 
              (16) 
              (17) 
Set the critical parameter for the operation of the balancing 
circuit as Vref. 
B.  Balancing Process 
The balancing process includes a number of single voltage 
sampling periods, and each sampling period includes a number 
of balancing periods. 
In every sampling period, if: 
 or            (18) 
the inconsistency of the high-voltage cell satisfies the balancing 
condition, the control circuit discharges the cell with the highest 
voltage. If: 
 or             (19) 
the inconsistency of the low-voltage cell satisfies the balancing 
condition, the control circuit charges the cell with the lowest 
voltage. 
At the end of each sampling period, the sampling circuit 
redetects the voltage of each cell. If the operating condition of 
the balancing circuit is satisfied, the balancing circuit works. If 
not, the balancing circuit does not work. The dual-objective 
hybrid balancing strategy flow for each sampling period is 
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Fig. 3.  Flow chart of the dual-objective hybrid balancing strategy. 
The balancing control of the charging process and the 
discharging process are combined into one. In the charging or 
discharging balancing process, not only is the single cell with a 
higher voltage discharged but also the cell with a lower voltage 
is charged, and finally, the balancing speed is improved. In 
addition, under the same balancing speed condition, the 
balancing current is reduced, thereby reducing the influence of 
the balanced process on the performance of the single cell and 
the loss of the switches. 
V.  BALANCING PERFORMANCE ANALYSIS 
This section mainly includes balancing speed analysis, 
balancing efficiency analysis and balancing topology cost 
analysis. The analysis of balancing speed and efficiency takes 
the balancing of the shelved state as the example. 
A.  Analysis of balancing speed 
Balancing speed analysis includes speed comparison analysis 
and analysis of the influence of switching frequency on 
balancing speed. Take the same transformer-based topologies 
[19, 20, 22] as the object of balancing speed comparison, and a 
4-cell battery pack for example. the simulation models are built 
in MATLAB/Simulink, and the parameters are shown in Table 
I. The simulation results are shown in Fig. 4. 
TABLE I 
SIMULATION PARAMETERS OF THE BALANCING MODEL 
Parameters Symbol Value 





Balanced threshold V 0.005V 
PWM1, PWM2  
duty cycle 
α、α’ 45%, 55% 
Switching frequency f 5KHz, 10 kHz, 20KHz 
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Fig.4. Simulation results of different switching frequencies. (a) 5kHz. (b) 10kHz. 
(c) 20kHz. 
 
It can be seen from Table I and Fig. 4 that the initial maximum 
voltage difference is 0.014V, which meets the balancing circuit 
start condition, and the balancing starts. When the balancing 
ends, the maximum voltage difference is maintained at 0.005V, 
which meets the balancing stop condition. 
In addition, it can be seen from Fig.4 that, compared with the 
transformer topology [19,20,22], the balancing speed of the new 
balancing topology has been improved. Compared with the 
topology in [19], the balancing speed is increased by 7.69%, 
6.54% and 6.98% respectively. The main reason is that the 
balancing in [19] is based on two adjacent cells as the balanced 
goal, rather than directly balancing the highest or lowest cell. 
Compared with the topology in [20], the balancing speed is 
increased by 4.76%, 5.45%, and 5.64% respectively. The main 
reason is that the balancing path [20] includes not only 
transformers, but also energy storage devices such as capacitors 
and inductors, instead of directly transferring energy through the 
transformers. Compared with the topology in [22], the balancing 
speed is increased by 2.44%, 3.95% and 3.00% respectively. 
The main reason is that the balancing energy transfer process 
[22] involves cells that do not need to be balanced, which affects 
the balancing speed. It should be noted that, under different 
initial conditions, the ratio of the increase in the balancing speed 
is different, but the conclusion that the balancing speed has 
increased is certain. when the switching frequency is 5kHz, the 
overall balancing speed is the fastest. This is because under the 
condition of constant duty cycle, the lower the switching 
frequency, the greater the balancing current per cycle, and the 
more power transferred. Although the lower the switching 
frequency, the greater the balancing current. But the greater the 
balancing current, the greater the effect of the balancing process 
on each cell. When the switching frequency is 20kHz, the 
balancing current is reduced, which is beneficial to reduce the 
influence of the balancing process on each cell. 
Comprehensively considering the influence of the balancing 
process on the battery cell and the balancing speed, the 
balancing experiment set the switching frequency to 10kHz in 
this paper. 
B.  Balancing efficiency analysis 
Balancing efficiency analysis includes efficiency comparison 
analysis and analysis of the influence of switching frequency on 
balancing efficiency. To analyze the balancing efficiency based 
on the simulation model, first define the balancing efficiency 
based on the change in the battery power before and after the 
balancing. the balancing efficiency is determined by dividing 
the total cell change power by the total discharge power [26,27], 
the detail mathematical expressions can be found in [27]. 
Taking the same transformer-based topologies [19, 20, 22] as 
the comparison object, refer to Table Ⅰ to set the simulation 
parameters, and the simulation results of balancing efficiency 
are shown in Table II. 
TABLE II 
SIMULATION RESULTS OF BALANCING EFFICIENCY 
Operating frequency 2kHz 5kHz 10kHz 20kHz 
Transformer 
topology [19] 
99.78% 99.86% 99.83% 99.80% 
Transformer 
topology[20] 
99.77% 99.86% 99.83% 99.80% 
Transformer 
topology [22] 
99.90% 99.95% 99.93% 99.92% 
New topology 99.89% 99.92% 99.92% 99.91% 
As shown in Table II, it can be observed that, when the 
switching frequency is 5kHz, all topologies have the highest 
efficiency. However, when the switching frequency decreases 
to 2 kHz, the efficiency also decreases because of the increasing 
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copper and core losses of the transformer. Particularly, the 
balancing efficiency dramatically decreases as the switching 
frequency increases to 20 kHz due to the larger switching loss. 
In addition, the factors that cause the difference in balancing 
efficiency mainly include the number of switching tubes and 
windings through which the balancing current flows. The 
number of switching tubes and windings included in the 
balancing current flow path in [19,20] is greater than that of the 
new topology, and the balancing efficiency is lower than the 
new topology. 
The number of switching tubes and windings included in the 
balancing current flow path in [22] is less than that of the new 
topology, and the balancing efficiency is higher. This 
conclusion is consistent with the simulation results. 
C.  Balanced topology cost analysis 
Taking the 18650 ternary lithium battery pack composed of 4 
cells, 8 cells, and 12 cells as examples. The specific analysis 
results are shown in Fig. 5. Set the unit price of various devices 
according to the literatures [16,22]. Component cost per unit ($): 
MOSFET (M) (0.2), Diode (D) (0.03), Winding (W) (0.2), 
Transformer Core (T) (0.5), Inductor (L) (0.25), Capacitor (C) 














































Fig. 5.  Comparison of balancing topology cost. 
 
It can be seen from Fig. 5 that compared with the most 
mainstream topologies, the cost of the new balancing topology 
has been reduced，and the size of topology is small. In the 
topology of literature [12], although the number of switching 
tubes used is small, the number of switching capacitors is large, 
which is not conducive to reducing the volume of the balancing 
topology, and the cost is high. In the topology of literature [14], 
the energy storage device has only one inductor, which is 
beneficial to reduce the volume of the balancing system, but the 
large number of switch tubes is not conducive to the reduction 
of the cost of the balancing system. In the literature [15], each 
single cell in the topology is equipped with three switching tubes 
and one inductor, which is not only costly, but also not 
conducive to the reduction of the balancing system volume. In 
the literature [16], although the energy storage device has only 
one inductor and one capacitor, it requires more switch tubes, 
which results in a higher cost of the balancing system and no 
significant reduction in volume. In the literature [19], although 
the number of switching tubes used in the topology is small, it 
requires a large number of transformers, and each transformer 
requires three windings, which is unfavorable to balance the cost 
and volume reduction of the topology. In the literature [20], the 
number of switching tubes required for the topology is 
approximately equal to the number of switching tubes for the 
new topology, but the transformer structure is too complex, with 
many windings, and energy storage devices also include 
capacitors and inductors. Not only is it not conducive to 
reducing the volume of the balancing system, but it also 
increases the cost of the system. In the topology of literature [22], 
compared with the new topology, although the cost is reduced, 
the number of windings is larger, and the reduction of the 
balancing system volume is not used. with the increase of the 
number of cells, the multi-winding structure increases the 
volume of the converter, but the leakage inductance, mutual 
inductance and magnetization loss of the multi-winding 
converter will become more prominent, which greatly improves 
the design difficulty of the converter. 
Comprehensive analysis shows that the new topology energy 
storage device only needs two single-winding transformers 
regardless of the number of cells, which is conducive to the 
reduction of the balancing system volume. Although the number 
of diodes used in the topology is large, the price of the diodes is 
much cheaper than that of the switching tube, which helps to 
balance the cost reduction of the topology. The new topology in 
this paper has obvious advantages in the volume and cost of the 
balancing system. 
VI. EXPERIMENTAL VERIFICATION 
This section first describes the experimental parameters, and 
then analyzes the experimental results in detail. 
A.  Balancing Experiment Parameters 
A balancing experimental platform using a four-cell series 
battery pack is built, as shown in Fig. 6, and the balancing 
experiment parameters are shown in Table III. The control 
signals corresponding to the charging and discharging process 
of the left converter are PWM1, PWM2. Right converter are 
PWM3, PWM4. 
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Fig. 6.  Balancing experiment platform. 
 
TABLE III  
BALANCING EXPERIMENTAL PARAMETERS 
Parameters Specifications 
Rated Capacity 3.2Ah 
PWM1 period/duty cycle 10 kHz/75% 
PWM2 period/duty cycle 10 kHz/25% 
PWM3 period/duty cycle 10 kHz/25% 
PWM4 period/duty cycle 10 kHz/75% 
Balancing current of left converter 0.4 A 
Balancing current of right converter 1.5 A 
Balancing accuracy V<0.05 V 
Left/right converter turn ratio 1:1 
Inductance of primary and secondary 
side of left converter 
70 μH 
Inductance of primary and secondary 
side of right converter 
50 μH 
Diode conduction voltage drop 0.4 V 
Capacitance/Resistance 0.44 μF/100 Ω 
B.  Balancing Experiment Results and Analysis 
The balancing experiment includes the verification of the 
balancing function of the converters and the verification of the 
balancing effect. 
1) The Verification of the Converters’ Balancing Function  
Fig. 7 shows the balancing experiment waveforms of the left 
converter. In one control signal period, in Fig. 7(a), balancing 
target charges the converter firstly, the primary current rises 
linearly, and then, the flyback converter charges the whole 
battery pack, the secondary current decreases linearly. The 
current peak is 0.4 A. Fig. 7(b) shows the voltage change of the 
four cells. During the first stage, the highest voltage cell charges 
the primary inductor, and the highest voltage drops first. After 
charging is completed, the voltage rises slightly due to the 
polarization effect of the lithium battery. During the second 
stage, the secondary inductor charges the whole battery pack. 
The voltage of the four cells first rises as a whole, and it 
decreases due to the polarization effect when the charging 
current is zero. Throughout the process, the highest voltage 
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Fig. 7.  Left converter balancing experimental waveforms. (a) PWM1 and 
balancing current. (b) Battery voltage change during one control signal period. 
 
Fig. 8 shows the balancing experiment waveforms of the right 
converter. In one control signal period, in Fig. 8(a), the whole 
battery charges the converter firstly, the primary current rises 
linearly. And then, the converter charges the lowest voltage cell, 
the secondary current decreases linearly. The peak value of the 
current is 1.5 A. In Fig. 8(b), the battery pack charges the 
primary inductor during the first stage, and the voltage of the 
four cells first decreases as a whole. After charging is completed, 
due to the polarization effect, the voltage of each cell rises again. 
During the second stage, the secondary inductor charges the 
lowest voltage cell, its voltage rises firstly and then decreases 
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Fig. 8.  Right converter balancing experimental waveforms. (a) PWM3 and 
balancing current. (b) Battery voltage change during one control signal period. 
 
2) The Verification of the Balancing Effect 
After the functional verification of the balancing topology is 
completed, the balancing effect needs to be verified, including 
the charging process, discharging process, and dynamic charge-
discharging process. The balancing stop threshold is set to 
0.05V, and the discharge or charge current of the battery pack 
is 1A. the waveforms of the balancing results are shown in Fig. 
9. The voltage variation of each cell during the balancing 
process is shown in Table IV. The dynamic balancing 
experiment includes the charging process, discharging process 
and shelved state. The battery pack charges with a current of 1 
A for 60 minutes firstly, then discharges with a current of 1 A 
for 60 minutes, and finally is shelved for 30 minutes. 
 
TABLE IV  






































0.048 0.049 0.048 
Balanced time 
(min) 
140 140 150 
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Fig. 9.  Balancing experiments results. (a) Experiments results for charging state. 
(b) Experiments results for discharging state. (c) Experiments results for 
dynamic balancing. 
 
Based on the above analysis, the novel balancing method 
based on flyback converter proposed in this paper has a good 
dynamic and static balancing effect, and can effectively improve 
the consistency of the new energy vehicle power battery pack. 
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A flyback converter-based balancing method for series 
battery pack is proposed in this paper. The energy storage unit 
has only two single-winding transformers. The topology is 
simpler and easier to control than existing methods. It is helpful 
to reduce the cost of the balancing system. The dual-objective 
hybrid balancing control strategy combines the balancing of the 
charging process and the discharging process into one and 
simultaneously realizes the reduction of the highest voltage and 
the increase of the lowest voltage during the charging or 
discharging process in one sampling period. The simulation 
results show that the new balancing method has higher 
balancing speed and efficiency, and low cost. Experimental 
results show that the proposed method has good balancing 
effects and can significantly improve the consistency of series 
battery pack. 
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